The northern area of Okinawa Island is a unique forest area in Japan, with a distinctive ecosystem and subtropical climate. The area is a central region of forestry in Okinawa Prefecture. However, quantitative evaluation of the effects of the forest environment is inadequate. The authors began meteorological observation of this forested area to address this situation by setting up a weather station in 2009. In this study, we performed research on one of the major factors of the water cycle in forest ecosystems, evapotranspiration. We calculate seasonal changes in potential evapotranspiration through analysis of data from our weather station in 2013, because all measurement elements were assembled. To calculate potential evapotranspiration, we used the Penman equation. We found that the potential evapotranspiration in this forest area was 1170.5 mm in 2013. The mean temperature in 2013 was 20.7˚C, yearly average relative humidity was 84.7%, and average wind speed was 1.40 m/s. Regarding the amount of evapotranspiration in the forests of northern Okinawa Island, which has not been previously obtained, it has become possible to calculate the amount of potential evapotranspiration using the Penman equation.
Introduction
The northern part of Okinawa Island has subtropical forests and there is currently a need to protect the natural environment of these areas. Proactive forestry practice contributing to both lumber resource production and environmental conservation against climate change is also very important. For this reason, harmonization for both protection of the natural environment (including flora and fauna) of these areas and the use of lumber resources are currently urgent issues. Although water resources form the foundation of growth and life for plants and animals in the subtropical island ecosystems of these areas, there is presently little knowledge of the current environment of these resources. There is a pressing need to grasp the state of the water environment and water cycle processes. Given these circumstances, the authors set up a weather station in these wooded areas in 2009 and began continuous weather observations, simultaneously observing forest interior microclimate for each forest type and investigating the flow of rainfall from basin areas [1] [2] . Additionally, observations of the rainfall runoff process of a small forested watershed are continuing.
The study of potential evapotranspiration using the Penman equation has been used in the field of agricultural meteorology in Japan; however, there has been little use of studies on forest evapotranspiration in this area. Additionally, most regions in the country are temperate and warm temperate, and there have been few studies of evapotranspiration in the forest environments of subtropical islands.
We focus on one of the major water cycle factors in forest ecosystems, namely, evapotranspiration. We calculate seasonal changes of potential evapotranspiration volume through analysis of weather station data from 2013. To calculate potential evapotranspiration, we used the Penman equation.
Study Site and Method

Study Site
The area of Okinawa (Figure 1 ) Island is 1208 km 2 and the northern wooded areas comprise approximately half this area, or 764 km 2 . Forest in the region is the evergreen broad-leaved, such as Castanopsis sieboldii and Quercus miyagii. The climate is maritime subtropical. The topography features a central mountain ridge with surrounding rivers, and the land is broadly divided east and west by this ridge. The area around Mt. Nishimedake was designated an Okinawa prefectural wildlife sanctuary in 1985, and it is a forested area inhabited by ecologically important species of plants and animals endemic to the island. These include the Okinawa woodpecker (Sapheopipo noguchii) and Okinawa rail birds (Gallirallus okinawae). Accordingly, forests in this area have not been the focus of much forestry practice and are comparatively well preserved.
The weather station (26˚48'39"N, 128˚16'23"E) is on flat land along the Chinufuku woodland path (elevation 300 m), approximately 500 m north of the summit of Mt. Nishimedake, in the Kunigami area at the northern extremity of the mountain ridge. This location has been protected from surrounding tree influences, because it was on a higher plateau formed by woodland path debris. The weather station was constructed to observe weather conditions in these preserved forest areas. There had never been such a weather station in these areas, so this construction was the first of its kind. Forest in the region is evergreen broad-leaved, such as Schima wallichii and Castanopsis. 
Weather Station
Construction of the weather station was completed on March 17, 2009, and most weather observations began on this date. Observed weather variables from this date were solar radiation, wind direction, wind speed, temperature, humidity, and precipitation. From 2013 on, we added measurements of net radiation for calculation of Penman estimation. While updating the observation equipment and adding new variables, we continued observations through to the present (2014). Inside the weather station, there is a foundation block and tripod base fixed in place with concrete, with a pole perpendicular to it. A solar radiation measuring device (Delta OHM LP PYRA03) is on an arm extending south from this pole, and a wind direction and wind speed measuring device (MetOne 034B Windset) is attached to an arm extending north (both are approximately 3 m above ground). A hygrometer (Vaisala HMP-45A) is fitted with a wind shield and attached directly to the pole (1.5 m above ground). A rain gauge (UIZIN U-Dot, 0.5 mm sensitivity) is in an area separate from the other devices, 1.5 m above ground. A radiation meter (REBS Q7), added in January 2013, is at the same height as the solar radiation measuring device, on a pole extending south-southwest to ensure the two devices do not interfere with each other. All data are recorded in batch format by a data logger (Campbell CR-1000). The battery used by the data logger is recharged by a solar panel connected to the pole, and it has confirmed stable operation.
Meteorological Elements and Penman Equation
Potential evapotranspiration from the Penman equation is defined as "daily evapotranspiration from a water surface or thoroughly damp device, roughly the height of a rice plant". Thus, we consider the result to be the maximum possible evapotranspiration value. In our project, we used the equation to determine possible evapotranspiration in the Okinawa Island northern wooded area, assuming that the ground surface is thoroughly damp. The aim was to find an evapotranspiration index for the region. Targeted data were observed values from the weather station in 2013. Average values of temperature (T), relative humidity (RH), wind speed (u), and global solar irradiance (Rad) were used in calculation on a daily basis. The net radiation measurements (MJ/m 2 ) were total daily values added together. Although the Penman equation has been used in many studies, we followed that of [3] and [4] for determining potential evapotranspiration. 
Method of Calculating Actual Sunshine Duration and Possible Sunshine Duration
Monthly actual sunshine hours (n) and possible sunshine duration (N) were calculated as indicators of the meteorological elements in 2013. Because there was no observation equipment that could directly measure actual sunshine duration in this observation field, it was calculated as follows. To calculate n, direct solar radiation is required. Therefore, using the relationship between rate of global solar radiation and that of direct solar radiation in Naha, Okinawa, direct solar radiation was calculated by [5] . According to that work, the mean global solar radiation rate in Naha was 0.41, and the mean direct solar radiation rate was 0.18. Hence, the direct solar radiation was calculated by multiplying the ratio 0.4390 (=0.18/0.41) and solar radiation. Among values of calculated direct solar radiation, those larger than the threshold 120 Wm −2 were multiplied to calculate n and N.
Results and Discussion
Daily averages of weather elements in each month during January-December 2013 are shown in Figures 2-7 412 .9 in July, 393 in August, 287.4 in September, 195 in October, 217 in November, and 167.7 in December. The strongest solar radiation was in July, and amounts were higher from June through August. There was a tendency for smaller amounts during winter, in January and December. Upon entering the rainy season in May, global solar radiation decreased on the main island. Average actual sunshine duration of each month (in hours) was 2.7 in January, 3.7 in February, 5.1 in March, 4.7 in April, 4.0 in May, 6.7 in June, 8.2 in July, 7.7 in August, 5.6 in September, 3.3 in October, 3.5 in November, and 2.7 in December. There was a tendency toward longer actual sunshine duration between July and September. There were shorter durations from January to February, and it became shorter in May. The longest duration was 8.2 hours in July, with the shortest at 2.7 hours in January. This gives a difference of 5.5 hours between those months. In comparison with the precipitation data, the evapotranspiration estimate for August with less rain is clearly excessive. In the future, it will be necessary to accumulate the data, making a correction using a normal value. December had the least potential evapotranspiration, followed by January and November.
Potential evapotranspiration was greatest in July. [6] calculated evapotranspiration in a normal year using the Penman equation, based on observed data in Naha (using α = 0.06). Table 1 shows a comparison with the present results. Our values are smaller than those of Naha in any month. Potential evapotranspiration varied in similar ways in both datasets.
[7] reported on evapotranspiration amount from heat balance and water balance observation in an artificial conifer forest at Kahoku experimental watershed, in a warm temperate region of southwestern Japan. For annual amount of evapotranspiration in the basin in their study, the heat balance method using tower observation gave ~900 mm, and calculation using the water balance was 920 mm. [8] reported on evapotranspiration amount from water balance calculations for 2010 in the same region. For their annual amount of evapotranspiration in the basin, calculation using the water balance was 1117.4 mm. On the other hand, we obtained possible evapotranspiration from the Penman equation at ~1170 mm. It is expected that actual evapotranspiration amount on subtropical islands is greater than that in warm temperate areas, because average annual temperature and annual rainfall in the former are greater. Compared with the results of [8] , potential evapotranspiration in our study was more than ~50 mm. Consequently, estimated evapotranspiration is considered largely reasonable. The value calculated by the Penman formula is possible evapotranspiration and, as mentioned above, is considered the maximum evapotranspiration in an area. Thus, the possible evapotranspiration we calculated is considered the maximum in the northern forest of Okinawa, and will be an important index for water resource management in the future.
It has become possible to calculate the amount of potential evapotranspiration using the Penman equation and to determine the water resource by combining rainfall data in this area. A water resource index could be calculated using rainfall minus evapotranspiration. Evapotranspiration is a leading explanatory factor for water in the forest environment and is directly related to changes of soil water. Indicators developed for changes of potential evapotranspiration and total amount of potential evapotranspiration in the aforementioned Okinawan forests are expected to play a major role in forest management and biodiversity as forest environment indicators. The present study revealed that potential evapotranspiration in the studied forest area decreased during November through February (winter), but increased during May through September (summer). This trend is consistent with the research of [6] using the data of the Okinawa Meteorological Observatory at Naha city (2007).
Conclusion
In this study, we set up for the first time a meteorological observation field in the northern forest area of Okinawa Island, and began meteorological observations. Regarding the amount of evapotranspiration in the forests of northern Okinawa Prefecture, which has not been previously obtained, it has become possible to calculate the amount of potential evapotranspiration using the Penman equation and to determine the water resource by combining rainfall data. Potential evapotranspiration for 2013 in the northern forest area calculated by the Penman equation was 1273.1 mm. This value is possible evapotranspiration and is considered as the maximum evapotranspiration in an area. This is more than ~160 mm greater than evapotranspiration using the water balance method [8] . The possible evapotranspiration we calculated is considered as the maximum evapotranspiration in the northern forest area, and will be an important index for water resource management in the future. The study also showed that potential evapotranspiration in the forest decreased during November through February (winter), but increased during May through September (summer). Because the year 2013 had comparatively low precipitation, it is supposed to be necessary to accumulate more data and improve precision henceforth.
